Oviposition and egg quality traits were studied in dwarf and naked neck layers in Maputo (Mozambique) during a 28-d period at 35 weeks of age. Birds were caged individually in a laying house with natural light and ventilation. Average daylight length during the study was 11.2 hr and minimum and maximum temperature was 19.6 °C and 30.1 °C, respectively. The main results show that the sex-linked dwarfing gene (dw) increased the mean interval and time of oviposition, and reduced the sequence length and rate of lay. A bimodal distribution of oviposition intervals was observed in the dwarf population. No meaningful effect of the naked neck (Na) gene could be seen on oviposition traits. The dw gene also reduced the egg and components weight as well as the height of the albumen. The Na gene was associated with increased yolk weight and reduced albumen height.
Introduction
The dwarf (dw) and naked neck (Na) genes in poultry contribute diversely, but inconclusively to production traits and environmental adaptability. The effect of the dw gene on egg characteristics reported in literature is not entirely consistent. In comparison with the normal sized counterparts, albumen height of dwarfs was either similar (Horst & Petersen, 1981) or increased (Mérat, 1971) , breaking strength in hot environment was found to be either similar (Horst & Petersen, 1981) or higher (Mukherjee et al., 1986) , and shell thickness was reported to be higher (Amin-Backche & Mérat, 1975) or similar (Mérat, 1972) . No significant effect of the naked neck gene on egg quality traits has been reported, though the combination of the Na and the dw genes was associated with decreased shell breaking strength (Katangole et al., 1990) . The naked neck (Na) genes improved biological efficiency and productivity, but none of the feather-reducing genes significantly improved egg production or feed efficiency, while the dwarf gene (dw) was associated with delayed sexual maturity, production of fewer and lighter eggs, higher persistence, better feed conversion and higher survivability (Garcês et al., 2001) .
The sex-linked dwarfing gene reduces vittelogenesis, increases oviposition interval and shortens sequence length (Yoo et al., 1984) . Accordingly, both egg production and egg weight are consistently reduced, although the expression response of the dwarf gene is influenced by a specific interaction with the background genome (Reddy & Seigel, 1977) . The naked neck gene has been associated with increased laying rate, egg size and egg mass in hot environments, the effects on these traits being more modest in temperate climates (Horst & Rauen, 1986) . The association of both genes seems advantageous even in moderately warm environments since efficiency is improved and egg weight is increased relative to the normal feathered genotype (Mérat, 1990) . This paper reports the effect of the two genes individually and their combined effect on oviposition and egg quality traits within sequences under the subtropical climatic conditions of Maputo.
Pullets were raised on floor under natural lighting with increasing photoperiod (August to December) and fed ad libitum standard commercial diets in a two-phase system. At 18 weeks they were moved to individual cages in a laying house with low sidewalls and wire netting to the roof and fed ad libitum a commercial diet containing 162 g of crude protein, 11 MJ ME/kg, 36 g calcium and 6.4 g of phosphorus per kg. Twenty-one layers of each genetic group with similar physiological ages (nana Dw-148.5±2.8 d; Nana Dw-149.3±2.9 d; nana dw-146.8±3.1 d; Nana dw-145.7±2.5 d) were used. The lighting was natural and the average length of daylight during the period studied was 11.2 hr. Minimum and maximum temperature was 19.6 °C and 30.1 °C, respectively, and relative humidity was 69%.
Oviposition time, egg number and egg quality traits (whole egg, yolk and shell weights, albumen height, shell thickness and breaking strength) were measured during a 28-d period between 35 and 38 weeks of age, when production was high and stable (laying rate: normal size 85.4%, dwarfs 66.5%). Time of lay was recorded at hourly intervals from 06:00 to 18:00. Eggs were immediately weighed at the nearest 0.01 g and stored at 20 °C for quality evaluation on the following day. Breaking strength was measured with an appropriate device by applying a gradually increasing vertical force along the long axis of the egg. Eggs were broken out and components carefully separated. Shells were weighed fresh with membranes and allowed to dry at room temperature. Shell thickness excluding membranes was measured with a micrometer at two locations in the equatorial area. Egg quality was evaluated within complete sequences solely.
A sequence was defined, as a group of successive eggs separated by intervals not less than 37 hr (Yoo et al., 1984) . Total lag was calculated as the difference in time between the first and the last egg within a given sequence.
The genetic effect on the traits of interest in this study was investigated with one-way analysis of variance. Due to the asymmetry of the distribution of sequence length between body size groups, this trait was analysed with a Man-Whitney non-parametric test. The proportion of eggs laid in the morning and afternoon was compared with a chi-squared test. Linear regression was used to investigate the relationship between, (1) the mean oviposition interval and the sequence size, (2) the yolk and egg weights and the serial number of the egg within sequences. All statistics were computed by the use of SPSS/PC+ procedures (Meyer, 1993) .
Results
Oviposition traits by genetic group are summarized in Table 1 . The dw gene increased the mean interval and time of oviposition (P < 0.01), and reduced the sequence length and rate of lay (P < 0.001). Table 2 shows oviposition intervals by sequence length and the respective regression coefficients. Dwarf pullets in comparison with the normal size counterparts had longer intervals between successive eggs laid in short sequences of two and three eggs (P < 0.05), the differences becoming negligible in longer sequences. Oviposition intervals were inversely associated with the size of the sequence in both body size groups (P < 0.001), approaching 24 hr in moderate or long sequences. 1 NS = Not significant; * P < 0.05; ** P < 0.01; *** P < 0.001 Figure 1 displays the distribution of oviposition intervals in each genetic group. It is worth noting that unlike the normal sized, dwarf hens showed distinct peaks at 25 and 29 hr. Accordingly, they laid 80% more eggs (P < 0.01) in the afternoon than the normal counterparts (data not shown). Mean oviposition interval was positively correlated with both mean time of lay and inter-sequence interval (Table 3) . A high negative correlation was found between oviposition interval and egg number. The correlation between oviposition interval and egg weight yielded negative values in the naked neck normal size hens and positive though weak in the remaining groups.
Egg and yolk weights were regressed on the position of the egg within the sequence and the results are presented in Table 4 . It is worth noting that coefficients were negative (P < 0.05) for all genotypes and positive or nil for the naked neck normal size hens (P > 0.05) and that egg weight declined throughout the sequence at a higher rate than that of the yolk. Mean values for measured egg characteristics within the sequences are shown in Table 5 . The data indicates that the dwarfing gene reduced the weights of the egg and its components as well as the height of the albumen (P < 0.001). The Na gene was associated with increased yolk weight and reduced albumen height (P < 0.001). Such decrease was more evident among the normal sized hens, as revealed by the interaction between the genes (P < 0.01). 1 NS = Not significant; * P < 0.05; ** P < 0.01; *** P < 0.001
Discussion
The dwarfing gene caused an average elongation of 1.7 hr on the mean interval between ovipositions. The magnitude of the effect was lower than that reported by Yoo et al. (1984) . However, these authors introduced the dw gene in strains already under selection for shorter oviposition interval, which could explain the difference. The increase in the mean time of oviposition and the reduction in sequence size and laying rate caused by the gene are in good agreement with previous research (Amin-Bakhche & Merat, 1975) .
Differences in oviposition intervals between the two body size groups could partly explain the lower laying rate of dwarfs (-14.2%). In fact, the Morris equation for a 24-hr cycle (Morris, 1973; [equation 4]) applied to the mean oviposition interval and total lag observed in this study, predicts the difference between the laying rates of dwarfs and normal sized hens to be 8.6%. It could then be reasoned that only 61% of the The South African Journal of Animal Science is available online at http://www.sasas.co.za/Sajas.html South African Journal of Animal Science 2003, 33 (2) © South African Society for Animal Science 109 observed differences in laying rates derived from differences in oviposition intervals. Longer inter-sequence pauses among the dwarfs could account for an additional 6% difference in the laying rates. These findings indicate a much slower rate of follicular recruitment and maturation of the dwarf hens, agreeing with previous authors (Yoo et al., 1984) . Additionally, a considerable percentage of dwarf hens in our study showed erratic times of oviposition, probably associated with internal ovulation, both reducing the rate of lay and the mean sequence length.
The values for total lag found in all genetic groups are lower than those reported by Lillpers & Wilhelmson (1993) and also lower than those predicted by the Morris equation applied to the present sequence length (Morris, 1973; [equation 5] ). The latter author showed that, for a given sequence size, total lag decreased with increasing light-dark cycles in which the light period was constant and the dark period increased. Therefore, the lower values found in this study seem to reflect the long scotoperiod to which the hens were subjected. Total lag is a measure of the proportion of the day used for egg laying and can be regarded as an indication of the length of the open period for ovulation (Fraps, 1970) . A shortening of the duration of the open period may reduce the ovulation rate and hence the rate of oviposition (Robinson et al., 1990) . The differences in total lag found between genotypes are then in good agreement with and probably contributed to the observed differences in laying rates.
Comparison of oviposition intervals for a given sequence length (Table 2) showed that the longer the size of the sequence the lesser the effect of the dwarf gene. Maximum difference was observed in sequences of two eggs, agreeing with the findings of Amin-Bakhche & Mérat (1975) . Mean oviposition interval decreased at an inverse proportion of the size of the string of egg laid in sequence, tending to 24 hr in long sequences.
A bimodal pattern of distribution of oviposition intervals in dwarf hens was previously reported by Yoo et al. (1984) in birds with mean sequence length similar to that of our population. We found individual bimodal distribution of intervals in almost all dwarf hens with mean sequence length of up to four eggs, which was not present in hens with higher mean sequence length. However, bimodal distribution was also observed in the very few short sequences laid by normal sized hens. Our observations do not contradict the hypothesis stated by those authors that bimodal distribution of intervals is not of genetic origin but rather seem to indicate that the pattern shown by dwarf hens is closely related with their mean sequence size.
The positive correlation between oviposition interval and time of oviposition suggests that hens with short intervals laid their eggs earlier in the day than hens with longer intervals. Intra-sequence intervals were also positively correlated with inter-sequence pauses and negatively correlated with egg number. The relationships between these traits suggest that hens with short intervals, which in turn are more prolific, have higher rates of follicular recruitment and maturation. A significant negative correlation between oviposition interval and egg weight was found solely in naked neck normal size hens. Further investigation revealed that the correlation between egg number and egg weight was positive and moderate in that particular genetic group while negative and low in the remaining three. This indicates that it would be possible to find prolific naked neck non-dwarf hens whose eggs are laid with short intervals, but are, nonetheless, very heavy. The negative phenotypic correlation between oviposition interval and egg mass found by Lillpers & Wilhelmson (1993) favours this suggestion.
The gradual decrease of yolk and egg weight throughout the sequence reported by previous authors (Lillpers & Wilhelmson, 1993) was confirmed in the present work for all genotypes except the naked neck normal size. In this group of hens, not only was weight of the yolk apparently unrelated to its position within the sequence but also egg weight slightly increased as indicated by the positive though non-significant regression coefficient. This suggests a more stable yolk formation and, therefore, could be one underlying factor of their higher yolk weight per unit of egg (Garcês, 2000) . The higher rate of decline of egg weight within the sequence observed in dwarf hens in comparison with their normal size counterparts suggests a less active yolk formation, as stated previously by Mérat (1971) .
Eggs laid by the genotypes studied revealed similarities and differences in their characteristics. The reduced albumen height of dwarfs agrees with Mukherjee et al. (1986) . However, the poorer quality of the thick albumen in hens carrying the Na gene, more evident among the normal sized, is quite surprising, as it was reported by those authors in a lightweight rather than a medium heavy layer strain.
